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this chapter. The problems and limitations involved in the first step are
discussed here.

Studies reported to date have essentially been of the retrospective
cohort type. Populations receiving high doses of low-LET radiation are
rare, and exposure to such doses is unlikely to occur in the future, apart
from the therapeutic irradiation of patients. Such studies are subject to
both sampling variability and bias. Sampling variability should generally
be adequately expressed by the confidence intervals around the parameters
estimated by the particular mathematical model, but bias represents a
greater problem. Biases in epidemiology are generally classified as resulting
from selection, information, or confounding.

Selection bias can be defined as arising from any design problem
that tends to make the study subjects unrepresentative of their source
population. Such a bias can prevent generalization of the results. For
example, if the survivors of the atomic bombings at Hiroshima and Nagasaki
were healthier than the general population, their susceptibilities to radiation
carcinogenesis could be different from those of the general population. In
addition, selection may lead to internally biased results when the follow-up
is selective. This occurs when those individuals selected for follow-up are
different for differing categories of exposure and when that difference is
associated with a differing underlying cancer risk. For example, if only 50%
of the atomic-bomb survivors had been followed, and there were more
smokers in the high-dose group that were followed than in the low-dose
group, there would be an excess of lung cancer in the high-dose group that
was not caused by radiation. Such a selection bias is likely to occur only
when there is substantial loss to follow-up. It is unlikely that this plays a
role in the major high-dose epidemiologic studies on which risk estimates
are currently based, since follow-up has been essentially complete for these
studies.

Information bias, which refers to any process which distorts the true
information on either exposure or disease status, is likely to be of more
importance than selection bias. Misclassification of exposure is likely to be
a major potential source of error in making risk estimates. Nondifferential
misclassification with respect to exposure level leads to an underestimation
of risk and tends to reduce any upward curvature in the dose-response
relationship. This occurs, for example, when the distribution of errors
in dose estimates is the same in the diseased and the nondiseased, as
will generally be the case for most cohort studies. Other biases may be
more subtle. Misclassification of disease status is particularly important
when such status is determined from death certificates which are often
unreliable for a number of cancer types. These errors are more likely to
be differential, i.e., dependent upon a subject's exposure status, and could
bias a dose-response curve away from the null.